Abstract: Polycultured agrarian systems in Ecuadorian Amazonia (also called chakras or swollen gardens) are characterised by a market-oriented crop for the generation of monetary income, for example, cocoa, other agricultural products (e.g., banana and cassava), and livestock for family farm consumption. Moreover, a chakra is an outstanding example of agroforestry production, in which ecological, social and economic elements co-evolve from a set of close and strong connections. In this context, the conservation and transformation of their biological subsystems can be understood as the result of complex interactions between anthropogenic and non-anthropogenic factors. In turn, such interactions are essential to provide food and monetary income to the indigenous community. Relevant agency capabilities exist that could cause an agroforestry system to take a different path of co-evolution, that is, towards greater or lesser sustainability associated with different levels of complexity. In conclusion, chakras have key ecological features that can mitigate the impact of human population growth in Amazonia. Additionally, chakras have their own processes of social self-regulation which enhance the possibilities of adaptation of Kichwa communities to changing environmental conditions, being essential elements in local food sovereignty, equitable gender relations and the respect of ancestral wisdom.
Introduction

General Elements
From an ecological perspective, Amazonia is a strategic region for the entire planet for reasons including the size of the territory, its role as a carbon sink, its capacity for slowing climate change and its great biodiversity [1] [2] [3] . However, in general, Amazonia and the Ecuadorian Amazonian Region (EAR) in particular are subject to strong pressures that, in some well-known cases, have promoted the radical transformation of its ecosystems [4] . The majority of such pressures have a strong anthropogenic element and thus cannot be understood without considering a set of associated socio-economic factors [5, 6] .
The ensemble of pressures that the EAR undergoes can be grouped into two main categories. On the one hand, natural resources in specific production enclaves are being increasingly exploited, which is mainly associated with oil and mining activities [7] [8] [9] [10] [11] . On the other hand, EAR has experienced an intense population growth. One of its origins is the strong migration from other Ecuadorian regions, which accelerated after the land reforms of 1964 and 1973 [12] . In fact, colonisation, land distribution, deforestation and the extension of the agrarian frontier have proceeded in parallel [13] . Moreover, the model of the colonist economy and land use is centred on the development of livestock activities that has relevant environmental effects [4, 14] .
Another reason for Amazonian population growth has been the natural population development of the indigenous communities [15] [16] [17] . Indigenous systems of agrarian production are based on agroforestry farms (chakras or swollen gardens). An understanding of the operation of the indigenous agroforestry systems is essential in the context of rapid deforestation and a potentially high loss of biodiversity [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . In the sense, some of the basic traits of Amazonian ecosystems could be modified as the result of their adaptation to changing socio-environmental conditions [21, 22] .
The objective of this article is to analyse the Amazon Ecuadorian chakras from a co-evolutionary perspective. Chakras have relevant biological and social features than cannot be understood separately. The concept of co-evolution will be used to approximate the interaction among its main biological and social elements. The focus will be placed on the analysis of the main characteristics of the different subsystems. The connections among its biological and social sub-systems (e.g., knowledge, values, organisation and technology) will be underlined. In such analysis, there is an element of description, which is not secondary, as many of the most important characteristics of the chakras has remained invisible as a consequence of the subaltern positions traditionally undertaken by indigenous peoples in Ecuador [23] [24] [25] [26] . Thus, its visibility can promote some degree of empowerment of local communities that, in turn, is an essential feature of any process in sustainable transition [27] . Additionally, the application of the co-evolutionary theoretical framework has a relevant interpretative element. It allows deepening in social cognition and collective learning associated to chakras. Those factors are essential in understanding their adaptive and process oriented character [28] . Chakras can be considered as a conjoining of culturally specific means of bio-social construction and in a case of the practical implementation of locally adapted patterns of sustainable development.
Sumak Kawsay, Co-Evolution and Socio-Ecological Construction in Agroforestry Systems
Agroforestry systems built from indigenous cultural foundations are frequently characterised by strong interactions between their socio-economic and environmental variables [29] . A theoretical framework to approximate such interactions is essential for their analysis [30, 31] and is related to the search for patterns of sustainable development and supported by the joint consideration of economic, social and environmental elements [32] .
Sustainability is a polysemic concept that has different meanings, considering the diversity of ontological positions and disciplinary traditions [33, 34] . Strong sustainability, which is frequently assumed among other alternative definitions, supports that the stock of natural resources, and their ecological associated functions cannot be replaced, neither by alternative forms of capital accumulation nor by other social and economic issues. Therefore, if natural resources are degraded, they cannot be (at least fully) replaced because of the irreversibility of key ecological and economic processes [35, 36] . The strong sustainability approach has been translated to more applied terms, developing different theoretical tools such as social metabolism [37] , life cycle assessment [38] or ecological footprint [39] .
Another concept, closely associated to strong sustainability, is co-evolution. It was born from the field of Ecology, and it refers to interactive change processes between, e.g., butterflies and flowers, parasites and hosts, and predators and prey [40, 41] . Norgaard [42] [43] [44] was the first author who used the concept to explain the joint evolution of social and environmental factors and their interactions. Indeed, it was a creative application of a concept originally used in biology that challenges one of the basic tenets of Western thinking the dichotomy between nature and society [45] . Co-evolution considers society to be moulded by the environmental context in which it is embedded, and the environmental element changes the overall analysis because some of the ecological scales have relevant effects on specific political and economic dynamics [46] [47] [48] . Additionally, nature is not considered a "pristine" reality, but a result of a social construction [49] .
"Coevolutionary agricultural development has been taken place for millennia. The rise of paddy rice culture in Southeast Asia is an instructive example. The land-extensive practice of slash and burn agriculture was gradually abandoned as investments were made in dikes, terraces, and water delivery systems over a period of centuries. The benefits for the ecological transformation to paddy culture came on the form of superior weed control and greater nutrient retention. The transformation, however, was not unilateral. The social system also evolved in order to maintain the environmental transformation. Social mechanisms reinforcing individual behaviour which supported the environmental transformation was sustained by complex social organization of water management, rights to land, and labour exchanges; the social and environmental systems coevolved together, each reflecting the other. Similarly, new technologies, new values and new ways of knowing were selected in the light of coevolution between the environment and social organization." [50] (pp. [25] [26] Co-evolution focuses on limits of "pristine natural" evolution and processes of strictly social construction, insisting that many environmental transformations cannot be understood in the absence of the social context in which they are promulgated. In addition, a counterargument holds that many social changes can be explained by modifications in the natural base that supports human activity [51, 52] . In this context, processes of bio-social construction exist that are characterised by not only human agency but also high uncertainty [53, 54] , which is associated with complex, fluctuating environmental interactions. Human adaptive processes often imply interactions between, and even modifications of, social and ecological aspects [47, 55, 56] . Nature is considered social because people exert selective pressure on the environment, transforming the biosphere. Society is, in turn, natural because social subsystems are conditioned by the characteristics of their ecosystems. The possibility of the generation, survival and evolution of social subsystems is conditioned by the characteristics of the natural environment [57] [58] [59] [60] . Thus, co-evolution supports the idea of dialogue between the social and the natural being associated to uncertainty, non-linearity and complexity of the process of bio-social transformation [61, 62] . Agroecological systems have been a privileged context for the application of co-evolutionary approaches [50] , being agrarian practices understood as privileged mechanisms of bio-social constructs based on the exploitation and emulation of energy and material cycles.
Those elements are particularly relevant in the Amazon. Although an indigenous population has existed for centuries, Amazonia has been historically considered by different national elites as empty, and thus a "pristine" space [12, 63, 64] . However, the cosmology of the indigenous people did not see the forest as empty, but full of people who inhabit, use and transform it [65] . Because the cosmology of indigenous people can frequently be quite abstruse because it is expressed in a prevalent symbolic language, a step beyond can be taken when a set of postulates logically intertwined among them is built. Theoretical developments generically labelled Sumak Kawsay, or good living in Kichwa have contributed to the development of the logical expression of the main elements of the indigenous cosmological system [66] [67] [68] [69] [70] [71] .
The point of departure of Sumak Kawsay is the claim that the community (or communitarian) scale prevails. However, the indigenous concept of community is very close to a co-evolutionary approach because it includes not only people but also animals, plants, and ecosystems, as well as forces and spirits who supposedly live in the territory, and all of their interactions [72] . Good living is a question of harmony among all of these elements and cannot be considered independently. Thus, nature and society are not bifurcated; instead, the community is pre-eminently associated with the conservation of the natural environment [73] .
In his first works, Noorgaard [42, 43] discussed only two subsystems, one social and the other environmental, and the interactions between them. The more elaborate version of Norgaard and Sikor [50] identified five subsystems for the application of co-evolution to agrarian systems, i.e., knowledge, values, organisation, technology and biology. In reality, such an approach takes an additional step in the socialisation of the original content of the concept of co-evolution by introducing four different subsystems (i.e., knowledge, values, organisation and technology) in lieu of a single social subsystem. This development contributes to the better identification of the sources of the transformation of agroecological systems as well as the multiplicity of effects acting on them [74, 75] .
In any case, agroecological and agroforestry system are subject to social and environmental pressures. The concept of co-evolution does not erase the differences among them, but it problematises the chain of effects. Thus, some of these pressures can often be analysed in the original subsystem and even stabilise within it. However, if the perturbations are very intense, some of the patterns of interaction can be radically transformed, so pressures originating in one subsystem can affect the other subsystems. For instance, a strong association is present between the changes in the Amazonian landscape and transformations of the indigenous governance systems, that is, there is a close interaction between changes in biological and social subsystems in a broader context of ever changing agroecological systems [76] . As a result, some changes in the farm biological subsystem could have direct effects on key social issues such as family self-sufficiency, effective levels of monetary income or family reproduction. In addition, some changes in values, knowledge or technology can be associated to productive intensification and modification of the prevailing patterns of environmental management.
In such cases, intense dynamics of subsystems' feedback may occur, generating chaotic and non-linear processes. Some risk exists of the occurrence in the phenomena of collapse or catastrophe, which can be understood as a dramatic and radical reduction of the complexity of the overall system [77] . To avoid this risk, the social systems frequently act as a stabiliser, particularly for values and forms of knowledge [29, 54, 78] . An agroecological system is a complex construct that has a high capacity for absorbing disruption, partially because of the interrelationships among the different subsystems.
From a co-evolutionary perspective, traditional agroecological systems are characterised by strong interactions between their different components, the latter being understood as those characterised by temporal and spatial proximity [79] . It means that, when there are some changes in one subsystem, they tend to be stabilised using resources which are territorially close. When such stabilisation is not possible, there can be induced transformations in different subsystems, but considering spatial proximity of the elements which are used. Consequently, in the chakras' case, the majority of the transformations will be at a farm or communitarian level, because there is not enough monetary income for supporting any form of "ecologies at a distance" [80] [81] [82] . Therefore, a strict definition of co-evolution (strong co-evolution) can be applied in this context [83] .
Materials and Methods
From a methodological perspective, this study takes a pluralist approach using different information sources. Specifically, a qualitative-quantitative approach has been implemented. Thus, some quantitative data and also in-depth interviews have been generated and interpreted. Both have been considered as complementary instead of mutually exclusive [84, 85] .
This article was focused on the analysis of the indigenous agroforestry systems of North Eastern EAR, specifically of the provinces of Napo and Pastaza. However, a set of reducing criteria has been applied. On the one hand, only polyculture farms in Kichwa communities have been analysed. On the other hand, only farms with cocoa as the main commercial crop were analysed. Currently, only two crops can generate the monetary income that is demanded by the indigenous communities: cocoa and coffee. However, coffee cultivation in the provinces of Napo and Pastaza is very low.
The qualitative phase of this study comprised 31 in-depth interviews. As cocoa plays the central role of as the source of monetary income, this paper focused on the analysis of cocoa production and distribution. Seven experts were interviewed from different public institutions that were engaged in the promotion of cocoa production. Nurserymen, intermediaries, managers of cooperatives and 17 farmers were also interviewed. Small differences among chakra farmers exist in the EAR, being the farms are relatively homogeneous as far as production is concerned.
Questions about different aspects related to the social construction of the productive activities associated with the different crops that coexist on the farms (e.g., cocoa, banana, cassava, small poultry, and livestock) were posed. There were four main categories. Farm visits were a relevant part of the in-depth interviews and the surveys (25) . Some farms were only accessible by foot on narrow paths several kilometres long. The photographs that illustrate this article were made during those visits.
The interviews were transcribed, and the transcripts were analysed. In this process, the identification of categories was particularly relevant. On the one hand, the content analysis of the discourses is associated with a previous systematisation of the topics considered, namely, interpretative categories of analysis were supported by the baseline theoretical framework. On the other hand, categories that came from the interviews, which are the expressions of the dominant cognitive frameworks of the agents, are also included.
The research team also participated in events and meetings about the chakras, cocoa production or public policy planning in Amazonia. For instance, the research group participated in the Table of Cocoa of the provinces of Napo and Pastaza, in workshops included in the agenda for the transformation of Amazonia promoted by the Ministry of the Competitiveness and Productivity (MCPEP is the Spanish acronym) and in workshops about protocols for prior permission to gain access to Amazonian genetic resources that was organised by the German Agency for International Cooperation (GiZ) and the Ministry of Environment in different cities of Ecuador and, particularly in Puyo and Tena, the two main cities of the provinces of Pastaza and Napo.
In the quantitative phase, a questionnaire was developed to generate information about the three main perspectives in which sustainability is understood: economic, social and environmental. This research followed a strong sustainability approach considering that degradation in key natural resources cannot be generally compensated by alternative forms of capital accumulation. Consequently, they were questions about key ecological features of chakras, their capacity for providing family food needs and the workload associated to their operation. Due to the fact that the previous census of producers did not exist and due to high number of indigenous farms, sampling was performed based on convenience in a selected set of communities. The different communities were selected according to the conclusions and recommendations from the qualitative phase. Specifically, 70 farmers in the communities of Bajo Talaj (20) and Shandia (20) in Napo, as well as Arajuno (15) and Canelos (15) in Pastaza were surveyed (see Figure 1 ). Questions about different aspects related to the social construction of the productive activities associated with the different crops that coexist on the farms (e.g., cocoa, banana, cassava, small poultry, and livestock) were posed. There were four main categories. Farm visits were a relevant part of the in-depth interviews and the surveys (25) . Some farms were only accessible by foot on narrow paths several kilometres long. The photographs that illustrate this article were made during those visits.
In the quantitative phase, a questionnaire was developed to generate information about the three main perspectives in which sustainability is understood: economic, social and environmental. This research followed a strong sustainability approach considering that degradation in key natural resources cannot be generally compensated by alternative forms of capital accumulation. Consequently, they were questions about key ecological features of chakras, their capacity for providing family food needs and the workload associated to their operation. Due to the fact that the previous census of producers did not exist and due to high number of indigenous farms, sampling was performed based on convenience in a selected set of communities. The different communities were selected according to the conclusions and recommendations from the qualitative phase. Specifically, 70 farmers in the communities of Bajo Talaj (20) and Shandia (20) in Napo, as well as Arajuno (15) and Canelos (15) in Pastaza were surveyed (see Figure 1 ). The first objective of the questionnaire was to quantify some particularly relevant elements from an agronomic and production perspective (e.g., the size of the farms, the amount of cropped land, the various existing crops). Additionally, the questionnaire sought to approach some of the primary elements that helped to define the chakra as an agroforestry system, such as polyculture, or high biodiversity of plants and animal. However, the most important objective of the questionnaire was to assess the production capability of the chakra from an integrated ecological-economic perspective. Thus, estimates of gross physical (tonnes), economic (dollars), and energetic (kilocalories) production were developed as a result of the information that were obtained, even though some of those topics were not always directly asked.
The chakras in the provinces of Napo and Pastaza have a broad set of common elements, but some aspects vary between the different areas. This article is centred on the elements common to both provinces, which allows the majority of the typical elements of the co-evolutionary model of the chakra (e.g., the forest size, the relevance of polyculture, the low input levels or the work time distribution) to be approached from intuitive and simple statistical indicators (i.e., arithmetic means and frequencies). Despite their simplicity, these indicators provide conclusive evidence, so more complex statistical instruments are not necessary. In this sense, all the tables which are in the epigraph of results have been prepared by the authors based on the results of the project survey.
Notwithstanding, the research team wanted to emphasise one of the primary vectors of the transformation of Amazonian agroforestry systems. They identified a set of variables in the qualitative phase of the analysis for this purpose (e.g., human pressure, farm size, and age of the farmer who was primarily responsible for the farm). In the quantitative phase, the main purpose was to quantify some of the variables which were identified in the previous stage. A rich set of data was obtained that could be exploited using different techniques. A t-test was used for analysing patterns of association and possible relations of causation among specific variables. For instance, in this article, a t-test was used for analysis if there were substantial differences in key elements of the organisation subsystem (family size, family workload, etc.) according to the age of the principal farmer. This element was important in order to understand the relation between intensification and family reproduction cycles.
Results: The Amazonian Chakra as a Co-Evolutionary Reality
As mentioned earlier, the concept of co-evolution requires that nature and society cannot be considered independently; rather, it is the mutual feedback among their different parts that is important. In this study, following the approach of Noorgard and Sikor [50] , five different subsystems were considered: biological, knowledge, values, organisation and technology.
Biological Subsystem
Because it is an agroforestry system, an essential feature of a chakra is that, frequently, a relevant share of its land is forest. It can be a primary forest undisturbed by man or a secondary forest that has been regenerated after exploitation and simplification because of human activity. Specifically, the average of primary or secondary forest in the farms analysed was slightly greater than 40% ( Table 1) . The average size of a farm was 16.7 hectares, and 6.8 hectares were given over to the forest. However, substantial differences among the farms were present. More than 25% had less than 5% of their land as forest, in contrast to 25% that had more than 75% (Survey data). Moreover, the farms with a higher share of forest tended to have a bigger size. In this context, the t-test for testing the equality of means was highly significant with a p-value of 0.000. Therefore, strong evidence indicates that farm size affects the amount of forest present.
In addition to forest, a chakra is a cropping system with a high level of biodiversity present in its different elements; one of which is the existence of a high number of timber and fruit trees inside of the farm and often outside the forested area. However, it is not possible to approximate their type and number because of the high biodiversity of the Amazonian forest and the fact that many of the species of trees appear in a way that is very discontinuous from a territorial perspective. Table 2 shows some of the tree species existing on the farms. On average, the farms studied had 9.27% of the 14 timber trees listed above. Specifically, more than 40% of the farms had more than ten different timber trees, and only 25% had five or less. Additionally, a wide variety of fruit trees was evident (e.g., lemon, abiu, custard apple, mandarin, orange, and papaya). On average, the farms had 8.4 of the 11 species considered.
Polyculture of a chakra has a logic in which there are elements clearly addressed to external markets and other crops with prevalent orientation to family consumption and altruistic exchange with friends and relatives. On the one hand, a main crop with a clear commercial purpose exists. As there are strong monetary needs in farmers' families, chakra's operation is generally governed by cocoa production. On the other hand, other crops that are primarily for family self-consumption are also present. Two are particularly relevant: banana and cassava. Cocoa alone was cropped on very few farms (6.3%), which were generally small. On the remaining 93.7% of the farms, cocoa was combined with other crops. A typical farm had a mix of cocoa, banana and cassava. Banana was cropped on 91.4% of the farms. Cassava was also very important and was cropped on 87.1% of the farms. Corn (40%), peanuts (28.6%) and beans (27.1%) were also cropped (Survey data).
Therefore, the chakra is a biological system composed of forest (often primary) and a rich mixture of crops acting complementary. For example, trees and other crops are essential for shade management, which is one of the basic features of cocoa cropping (see Figure 2) . Additionally, as discussed below, a diverse biotic mass of trees is essential for the conservation of soil fertility.
Another key element of the chakra is the existence of very small-scale livestock rearing, particularly poultry farming, which has a strong biological rationality because it allows some foods that are not consumed by humans or exceed in some periods the needs of the family for consumption to be utilised.
"Here, we give them (chickens) cassava, the rest of chicha (Alcoholic beverage usually made from cassava), corn; here, we give them everything; when I go to work with the machete . . . the crickets, the cockroaches, all the insects that we have on the island . . . so live the chickens . . . " 
Knowledge Subsystem
As any other agroecological system, a chakra requires human intervention and cannot be maintained without human work. Thus, the chakra cannot be operated without the knowledge held by the family. That knowledge is additionally embodied in a set of practices that is the main basis of the farm management system.
Maintenance of Soil Fertility
Considering the characteristics of Amazonian land, e.g., the shallowness of the fertile soil layer and the deficiencies of certain nutrients, soil management is an essential element in the search of sustainable agricultural practices. Trees have three principal functions. Firstly, because an equatorial forest has a high capacity for the production of organic matter, trees provide much of the organic matter that breaks down and acts as an element of nutrient fixation in the soil. Thus, trees provide the closure of the material and nutrient cycles in the soil. Pruning rests and fallen leaves are also used for this purpose (see Figure 3) . Secondly, trees capture inorganic nutrients from deeper soil layers and introduce them into the vegetation cycle, thus enriching superficial soil layers [30] . Finally, trees prevent erosion and the loss of the thin fertile soil layer. 
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Maintenance of Soil Fertility
Considering the characteristics of Amazonian land, e.g., the shallowness of the fertile soil layer and the deficiencies of certain nutrients, soil management is an essential element in the search of sustainable agricultural practices. Trees have three principal functions. Firstly, because an equatorial forest has a high capacity for the production of organic matter, trees provide much of the organic matter that breaks down and acts as an element of nutrient fixation in the soil. Thus, trees provide the closure of the material and nutrient cycles in the soil. Pruning rests and fallen leaves are also used for this purpose (see Figure 3) . Secondly, trees capture inorganic nutrients from deeper soil layers and introduce them into the vegetation cycle, thus enriching superficial soil layers [30] . Finally, trees prevent erosion and the loss of the thin fertile soil layer. Therefore, the primary farm management tasks are centred on avoiding deforestation and implementing practices that maintain soil fertility; both of which are necessary to conserve the forest and the vegetation cover.
The relevance of this strategy is partially explained because other fertilisation options have been strongly rejected. For instance, not one of the farmers interviewed used any inorganic fertiliser during the previous year, and less than 25% said that they had applied organic fertiliser (Survey data), which indicated an especially strong general resistance to non-organic products.
Maintenance of the Chakra and Pest Control
An essential element in chakra management is vegetation control. As previously mentioned, because of the particular conditions of humidity and rainfall, the generation of organic matter is very high, which requires weed control to prevent, among other things, strong competition for nutrients that could damage the crops. Farmers use the criteria of "cleanness" to justify their practices. A failure to remove weeds is associated with a "dirty" farm and a social stigma. In fact, 49.2% of the work time is consumed by farm cleaning and weed removal. Given that the total work time on a chakra is 37.9 h per week, 19.5 h are committed to weed removal (Survey data).
On the other hand, many different pests and parasites inhabit the chakra. Pesticides are not used because many of the problems have no known effective treatment, so agricultural operations such as pruning or weed removal are the only potential control methods. The pruning of cocoa is thought to be advantageous for disease control, improving the production per tree. The proportion of pruning to the total work was 24.8%, or an average of 9.4 h per week (Survey data).
Value Subsystem
Values are an essential element in the co-evolutionary operation of the chakra. Values can be understood as a set of background factors that contribute to decision-making processes, allowing one to choose among the different available alternatives. Because values always have a cultural basis, in this particular context, they should be related to the central elements of the Amazonian Kichwa community.
Values exist in Kichwa cosmology, and their expression exists in the form of myths and ceremonies. In a seminal work about Kichwa Amazonian Communities in Canelos, Whitten [86] showed that the equatorial rain forest was understood as a living entity populated by souls and spirits that were clustered around three key images: Amasanga, Nunkui and Tsunki. Those interrelated images supported the relationships among "plants, animals, insects, fish, humans, and the soul and spirits of the forest, air, soil and water" [86] 
(p. 840).
Amasanga is the spirit of the forest and is able take various masculine (Sacha Runa, JuriJuri . . . ) and feminine (Sacha Huarmi, AllpaSupai) forms. Thus, it is essential for understanding the interconnection among the different sets of elements (social, natural, spiritual, etc.) that affect life in the communities. This is one of the elements that explain why the majority of the chakras contain a certain proportion of forest, which is crucial for harmonising the relationships among their different components. Amasanga is related to the tendency to try to canalise natural flows and processes and not to deny them. Ultimately, the various forms of Amasanga as the spirit of the forest provide food to families and communities. This is related to the resistance to the use of some forms of agronomic intervention, which are subjectively considered as "too hard", for instance, inorganic fertiliser.
Nunkui is the spirit of the garden and handicraft. An inherent element of the chakra, Nunkui, has an evident aesthetical element, being associated with equilibrium and stability. Finally, Tsunki is understood as an ultimate source of life and is the spirit of the water, which also takes different masculine (Yaku Supai Runa) and feminine (Yaku Mama) forms. Therefore, from this perspective, water management is also an essential element. Figure 4 shows the element of the garden (related to Nunkui) and the stabilising role of water (expression of Tsunki), in this case in a fish pond containing tilapia, showing how the values that inform the traditional Kichwa cosmology are essential in the construction and management practices of the chakra. 
Subsystems of Organisation and Technology
An investigation of the organisation of the chakra requires a careful analysis of the role of human work. As previously mentioned, the average workload of the chakra is 37.9 h per week. However, this is only an average value because the effective work time is highly variable and depends upon the monetary and food requirements of the family. In fact, the essential agronomic traits of the chakra can be maintained with a workload between 15 and 20 h per week (Table 3) . If the work falls below this level, the chakra can be considered abandoned and will be reintegrated into the forest in a few years. Family food requirements are an essential element that determines the effective workload of a chakra. Chakra families encompass the concept of the extended family (ayllu in Kichwa) that is smaller than the overall community (llacta) but larger than the nuclear family (huasi). Thus, it frequently includes ascendants and also sons and daughters, grandchildren and sometimes greatgrandchildren. It is not exceptional for four generations to live together in a chakra family. In fact, in more than 70% of the cases, three generations shared the chakra space. The number of sons (5.3) is very high. Many young women remain in the family after having their first son. Thus, the presence of grandsons is common.
Someone is always responsible for cropping the chakra. This individual in this case is known as principal farmer. In fact, the majority of the workload is assumed by the principal farmer (48.4%). The amount of family work-namely, that not performed by the principal farmer-is relevant, particularly for spouses. The contribution of sons and grandsons, albeit significant, barely reaches 25% (Survey data). However, the last indicator is sharply heterogeneous because family size tends to increase when the principal farmers is older. A chakra has to cover the food requirements of more people for a larger family. 
An investigation of the organisation of the chakra requires a careful analysis of the role of human work. As previously mentioned, the average workload of the chakra is 37.9 h per week. However, this is only an average value because the effective work time is highly variable and depends upon the monetary and food requirements of the family. In fact, the essential agronomic traits of the chakra can be maintained with a workload between 15 and 20 h per week (Table 3) . If the work falls below this level, the chakra can be considered abandoned and will be reintegrated into the forest in a few years. Family food requirements are an essential element that determines the effective workload of a chakra. Chakra families encompass the concept of the extended family (ayllu in Kichwa) that is smaller than the overall community (llacta) but larger than the nuclear family (huasi). Thus, it frequently includes ascendants and also sons and daughters, grandchildren and sometimes great-grandchildren. It is not exceptional for four generations to live together in a chakra family. In fact, in more than 70% of the cases, three generations shared the chakra space. The number of sons (5.3) is very high. Many young women remain in the family after having their first son. Thus, the presence of grandsons is common.
Someone is always responsible for cropping the chakra. This individual in this case is known as principal farmer. In fact, the majority of the workload is assumed by the principal farmer (48.4%). The amount of family work-namely, that not performed by the principal farmer-is relevant, particularly for spouses. The contribution of sons and grandsons, albeit significant, barely reaches 25% (Survey data). However, the last indicator is sharply heterogeneous because family size tends to increase when the principal farmers is older. A chakra has to cover the food requirements of more people for a larger family. Table 4 shows the increase of family size with the age of the principal farmer. A strong relationship between the age of the principal farmer and the average workload per week is evident for that reason. The rise in the age of the principal farmer is associated with a larger family and thus with higher food and income requirements that cause an increase of the family workload. A test of the equality of means (Table 5 ) confirmed the previous results that family size and total family workload increased when the principal farmer is older. However, the increased workload is essentially explained by the greater involvement of the sons in cropping. From this point of view, the chakra is a typical peasant system in which agrarian production and the effective work charge are subordinated to the family's reproductive needs. Additionally, as in other peasant systems, some spouses, and especially sons, are employed in other sectors. The relevance of such activities and the increasing role of the formal education of children explain that only 35.7% of family members participate in the chakra workload. Therefore, the remaining 64.8% are underage for working or have other occupations. It is extraordinary to hire outside workers (survey data).
All of those elements are tied to a relatively simple technological system. Tools (essentially a machete) and equipment are relatively simple. Recently, chainsaws and brushcutters have been introduced. For this reason, the handling system is mainly based on human work and the solar energy cycle. Practically, no other sources of energy exist for exploitation, except the oil used for transport and for the operation of chainsaws and brush cutters.
In general, chakra's system allows the satisfaction of family food needs. Considering only crops (and, as a consequence, ignoring other minor food productions as tree fruits, small-scale livestock, aquaculture of tilapias and hunting and fishing activities in nearby rivers and forests), gross food production in energetic terms was 3.8 gigacalories per hectare and year. Thus, energetically speaking, chakra is above the standards of the subsistence farming systems [87] . Consequently, the average energetic production of the chakras is 2091 kilocalories per inhabitant per day. The majority of this production corresponds to banana and cassava, around 40% each. If some additional production were considered (such as fruits, livestock, etc.), the gross production could increase around 20%. Therefore, food production of the chakra is enough for assuring subsistence of families of the principal farmers (survey data).
However, as a result of the relatively low agrarian prices, their average gross production in monetary terms was extremely low, only 2104 dollars per farm and year. Namely, chakra is inevitably associated to high levels of monetary poverty that, however, is not associated with a lack of food, but is related with other multiple shortages and deprivations. Therefore, the search of new sources of income is one of the main priorities of family farmers. In addition, the increase in the revenues is one of the major elements of transformation of the systems of farm management. For instance, chakra's cocoa is increasingly introduced in specific quality strands associated to the reception of premium prices [88] . In addition, families have progressively new sources of income outside farms, even though the situation is very different in the analysed communities. It was relatively frequent in Bajo Talag and Shandia that were relatively close to the city of Tena. These communities have developed some touristic facilities that were run under the form of community management. However, it was very rare in Canelos which is more isolated in territorial terms. In addition, they often perceive some public benefits as for instance, the bono de desarrollo humano (human development voucher) or, in some cases, some specific subsidies addressed to promote environmental conservation, such as programa socio-bosque (socio-forest program) [89] . In any case, the reality of the Amazonian Kichwa communities is characterised by high levels of monetary poverty.
Discussion: Synthetic Considerations about the Chakra as Co-Evolutionary System
Amazonia currently has different problems originated from the increasing pressure over its territory [7, 13] . One of them is the expansion of the agrarian frontier that, in turn, is explained by the expansion of the processes of colonization and its own demographic growth of the Amazonian population [12, 13] . In this context, chakras are agroecological systems particularly interesting from a strong sustainability perspective due to different reasons. Firstly, they are able to limit the territorial expansion of agriculture. Chakras are relatively small farms in the Ecuadorian Amazonian context (an average of 16.7 hectares). For instance, after the land reform of 1964 an important population coming from the highlands arrived to the EAR. Ecuadorian State recognized properties of 50 hectares to newly arrived colonists. Therefore, chakras size is decisively smaller. Moreover, an important share of chakras (around 40%) is occupied by primary or secondary forest, promoting the coexistence of forest and farming. Additionally, chakras are basically polyculture systems, characterised by high levels of biodiversity, even inside the part of the farm assigned to agrarian production. In fact, the chakra is a typical agroforestry system and is thus quite different from the majority of existing agrarian systems, which are based on the cropping of specific varieties of very concrete plants. There are a large set of fruit and timber trees not only in the farms, but also in the cropped area. Such richness of vegetal species, in general, and trees, in particular, is an essential factor for avoiding erosion and maintaining soil fertility, one of the major vulnerabilities of the Amazonian ecosystems. Therefore, chakras are constructed in a way in which it does not seem appropriate to speak of deforestation. On the contrary, chakra system shows that in the Amazonian context agrarian exploitation and the maintenance of high levels of biodiversity are compatible.
For all those reasons, in the current context of dramatic transformations of the patterns of land use in the EAR, chakra system must be understood as essential element in any process of sustainable transition [26] For instance, there are increasing problems of soil depletion and erosion in many of the Amazonian lands used for raising cattle [4] In this context, chakras' experiences of reconversion of those lands have allowed both the rapid recovery of some environmental elements and their agrarian use.
" . . . , land that was previously used for paddocks is now used to plant cocoa or grass for livestock, and now we see that people who were previously ranchers, now live and work for cocoa . . . (Restructuring) depends on the group you are considering. For a Kichwa is not difficult . . . "
Nevertheless, the chakra cannot be only understood in ecological terms, being essential the interaction among ecological and social factors. In this sense, the chakra is a prominent example of biological and social co-evolution. There are many social aspects without whom chakras cannot be understood neither as agroecological nor as coevolutionary systems. For instance, Kichwa systems of knowledge and value play an essential role in this way of understanding agrarian production, the relationship between man and nature and the landscape. The knowledge system contains the content of the set of handling practices, which has proven to be particularly successful in sustaining a high level of biodiversity, erosion control, the preservation of soil fertility, maintenance of the chakra and pest control. Knowledge is embodied in abilities which are frequently implicit. The transmission to individuals who are not part of the community is sometimes difficult. In any case, this knowledge must not be understood as a closed complex of wisdom; on the contrary, it is continuously evolving.
The value subsystem reinforces traditional wisdom, being therefore a constant dialogue with knowledge subsystem. Consequently, chakras also have a normative content. Thus, they are understood not only as agrarian endeavours but also as gardens. Having a beautiful farm has an elevated social value because it is proof of a careful approach to nature, and a sign of commitment to raising children who are socialised to recognise the centrality of care. All those elements are associated with essential elements of the Kichwa cosmology, particularly with Nunkui. Additionally, chakras also have strong emotional characteristics because Kichwa conception of community includes not only humans but also animals, plants and even forest spirits, which are supposed to inhabit in the own chakra. For those reasons, the chakra has a meaning beyond any utilitarian approach. In some sense, it is, as any garden, an end in itself.
Such continuous dialogue between knowledge and values can explain the generation of a set of attitudes of refusing "hard" forms of agronomic intervention, as inorganic fertiliser for instance, as an example of what some authors call Sacred Ecologies [90] . However, there are at least another two reasons. Firstly, it is not profitable in economic terms. Yields of chakra systems are much reduced and the only way of having a minimal economic return is a strategy of zero monetary costs in which gross monetary income can be entirely considered as a family income. As result, there is no almost monetary expense. Labour basically come from family and inputs used are essentially free because they come from their own farm. In this sense, material cycles tend to be closed in which is a positive ecological feature. Therefore, there is no contradiction between embedded economic and ecological rationalities. Secondly, the rejection of hard forms of agronomic intervention is also explained by the deficiencies of the Ecuadorian State system of agrarian extension, which is not very receptive to new agroforestry techniques. The absence of an institution with an open agroforestry approach does not contribute to the generation of scientific and productive knowledge, which was territorially adapted. Thus, a lack of research of the essential elements of the chakra exists for subjects such as the compatibility of different plants, nutrient cycle management, optimal levels of livestock development or the best methods for avoiding plant proliferation. Nevertheless, Kichwa farmers and associations have been deeply involved in the development of organic fertilisers, which are used in 25% of the surveyed farms. However, their idea was to produce their own organic fertilisers in their own farms or, in any case, in farmers' cooperative. Therefore, they want to avoid any monetary cost and market dependency.
Another important social issue in the chakra's system was gender relations. The chakra is traditionally seen as an essentially female institution. As in other indigenous nationalities, a broad differentiation in gender labour roles exists in the Kichwa community. Traditionally, women have been focused on cultivation and men on hunting and gathering activities, but that does not mean that men did not have responsibility for the chakra. Whitten [68] reports that in the Kichwa community of Canelos women were in charge of the planting of cassava, potatoes and other root crops. The role of women in the cassava crop was particularly important and in the subsequent creation of the "chicha". This is an especially important social beverage because it is the basis of almost all festive and socialisation activities [91, 92] . However, bananas and corn were mainly male responsibilities. Chakra organisation, as well as the indigenous communities themselves, is in a process of transformation from a gender perspective. Such changes are not homogeneous, affecting different indigenous communities in different forms and degree. There has been a redefinition of male and female roles. Masculinity has a tendency to be redefined because, instead of hunting, a relevant share of a man's contribution to the family's support has been working outside the agrarian context of the chakra. However, not all or even the majority of men have access to new sources of income, and often, such employment is temporary, discontinuous and precarious. In those cases, their relationship with the chakra is often strengthened. Consequently, the gendered division of labour has been redefined in such a way that the men have become the principal farmer on the chakra, and female empowerment has diminished. Such tension in the gendered division of labour explains the relative balance that exists in the gender of the principal farmer. Approximately 40% of the principal farmers are women, another 40% are men, and for the remaining 20%, both members of the couple are equally involved (Survey data). A relevant but not generalised process of female empowerment thus exists.
However, socially speaking, the most important role of the chakras is their contribution to the food security of Kichwa families because they provide the basic food for family maintenance, and the house is also frequently located inside. Relations between chakra's farm management and family food provision explain that chakras are adapted to the changes in the domestic demand of food. Thus, when the principal farmer is older, families tend to be bigger, food demand is usually greater and, therefore, the number of family hours worked per week rise. In this sense, chakras operate as typical peasant systems in which the reserve of family labour is mobilised if it is necessary for broader strategies of family reproduction [93] . In the same line, the workload of spouses and sons are also used when family members can find jobs in other sectors. In addition, currently, education of children is socially highly valued and child labour is increasingly understood as a complement or even a form of socialization related with relevant normative elements.
In any case, chakra produce enough for feeding Kichwa families and communities, specifically 2091 calories per inhabitant per day. The chakra is associated with the generation of a relatively stable food supply and, thus with what is sure and with what does not fail. This food supply is also associated with a relatively stable, but absolutely insufficient monetary income of 2104 dollars per farm and per year (Survey data). Therefore, there are many external needs that cannot be satisfied by chakra's revenues. Outside work is not only more profitable, but an absolute necessity. However, it is socially constructed as more insecure, because it is perceived as out of communities' control.
Chakras' biodiversity is associated with the generation of diverse agrarian production (e.g., cocoa, bananas, cassava, fruits, etc.). As this production is largely addressed to family self-consumption, chakras' biodiversity is closely associated with the existence of varied, equilibrated and relatively stable family diets. Biodiversity (as for instance the variety of fruit trees, the existence of small-scale livestock or even activities of hunting in the neighbour forest) can be understood as sources of family health. Additionally, chakras also provide very reduced but relatively stable monetary income which are, at least partially apply in buying of food that are not available by systems of self-production or altruistic exchange. Hence, the specific characteristics of the chakra's biological subsystem are at the centre of the family strategies of family reproduction among the Kichwa. Thus, considering the high levels of social cohesion among the members of the different Kichwa communities, the own internal operation of the Amazonian Kichwa community cannot be understood without the chakra. It ensures housing and a positive environmental setting, according to Kichwa values. It is a productive construct that is, in many senses, exemplary from an environmental perspective. It also promotes the social reproduction of the extended families (ayllus) and, through mechanism of altruistic exchange when there are surplus, of the entire Amazonian indigenous communities (llacta).
Summarizing, the chakra can be understood as a co-evolutionary reality governed by a set of intense and proximate interactions. The biological subsystem is supported by continuous human work, by a combination of agrarian practices and an ensemble of traditional wisdom. In turn, the social reproduction of the Kichwa community depends on the generation of a food energy flow that is more or less constant. For this purpose, crops and livestock must be adapted to the environment. Such a set of interactions confers great stability on the overall system. Consequently, the chakra is a clear illustration of strong co-evolution [79] . Thus, it is supported by nearby interactions among crops, livestock, the resources needed for developing those activities and their environmental effects. Closeness of those interactions is an aspect increasingly infrequently found in contemporary food relationships [80] . All of these elements are particularly relevant in a context of dramatic changes in landscape and land use in the EAR, which are a consequence of the extension of other patterns of colonisation and specifically the result of the expansion of livestock activity [14] . In any case, chakra, as a (co)evolving system, is far from any steady state. Chakra is changing as result of increasing population, lower availability of lands, increasing food family requirements and higher possibilities of access to jobs and incomes outside. Such capacity for change and adaptation without generating substantially higher ecological impacts is central to understand its function in a context of dramatic changes in the EAR.
Environmental policies in Ecuador have frequently considered as desirable the restriction of the expansion of the agricultural frontier in the Amazonian region. However, a deeper insight in the existing agrarian systems shows that we should not reify the concept of the agrarian frontier. Therefore, while the colonist systems are characterised by an extensive land use with relevant environmental impacts, the chakra is a mixed concept with lower consumption of spaces, with higher biodiversity levels and with better control of erosion and losses of soil fertility. It could even be asserted that chakras increase the existing diversity, generating a new type of landscape with high environmental value, which coexists with primary and secondary forests. Under any circumstances, not all expansion of the agricultural frontier can equally be considered in socio-economic and environmental terms. Namely, it is not the same in social and environmental terms, the expansion of the agrarian frontier supported by colonists and livestock which have several environmental impacts, particularly in terms of erosion [4, 14] , than the territorial expansion of chakra's systems.
Conclusions
Chakras are specific agroforestry systems which cannot be understood without considering their high levels of ecological and social embeddedness. From an ecological point of view, chakras can be considered as an evolution of the humid Amazonian Forest. In fact, forest is still present in the majority of the farms and it represents more than 40% of their overall surface. From a social perspective, chakras are the result of the embodiment of a set of values, deeply inserted in the Kichwa worldview. Moreover, chakras are a prominent example of socio-ecological coevolution. Ecological and Social elements are characterised by closed interactions among them, having chakras their own processes of bio-social self-regulation. Such processes enhance the possibilities of adaptation of Kichwa communities to changing conditions. For instance, crop production and total working hours change according to the evolution of family needs. In this sense, chakras' average production is enough for assuring relevant levels of food sovereignty, respecting ancestral wisdom. Thus, they provide Kichwa families strategic food resources for confronting the dramatically changing socio-economic context of the Ecuadorian Amazonian Region. For all those reasons, the particular features of chakras can mitigate the impact of human population growth in Amazonia.
